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Show that lim 22X =9

(x,y)-(0,0) x2+y2

(5 marks)

Givenw = x2 — 2y? + z3,x = sint,y = ef,and z = 3t. Find 2—‘: using chain rule.
(5 marks)

Find f: f(;/yxei"2 dxdy
(5 marks)

Find the directional derivative of the function f(x,y,z) = xy sin z at the point (1, 2,
/5) in the direction of the vector @ =T+ 2]+ 2k.
(5 marks)

Determine the volume of solid cylinder x> + z> = 9 between the planey =2 and y
=4,
(7 marks)

A lamina has shape of the region in the first quadrant that is bounded by the graphs
of y = sinx, y = cosx, between x = 0 and x = /4. Determine the centre of mass
if the density is y.

(7 marks)
Determine limit of vector function of the following:
Lor(e) = £ + 29
ii. r()= sin?(¢)i+ tan(®)j +%k
i, r(e) = Zi+ Lotk
(6 marks)

Determine a unit vector in the direction in which f(x,y) = /x2 + y2 increases
most rapidly at point P(5,-2).
(5 marks)

If the temperature at any point in a homogeneous body is given by T = e*¥ —
xy? — x?yz, determine the direction of the greatest drop in temperature at the point
L1~1,2)

(5 marks)
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Q3 (a)

(b)

(©

(@

The elevation angle at of the top of a tower is found to be 30°+ 0.5° from a point of
300=0.1 m from the base. Calculate the height of this tower.

(8 marks)
Sketch the region R enclosed between:
y=-x2+4
=241
)
y=-—x+3
x=0
(8 marks)

Given the vector-valued function r(t) = 5costi+ 5sint j. Calculate its unit tangent
vector and principal unit normal vectorat t = 7T/ 4- Then, sketch the graph of r(t), T(r)
and N(7) in the same axis.

(10 marks)

By applying Green's theorem show that if a region S in the plane has boundary C,
where C is a piecewise smooth, simple closed curve, then the area of S is given by

A(S) = f (—ydx +xdy)
c

2
Use result from above to calculate the area enclosed by the ellipse * 2/ o +7Y / B ==
1 under the given parametric equations

x = asint, y = b sint, 0<t<m
(14 marks)

Q4  Given _U_[ ¢ " dV where E is the region between the two cylinders x*+2z>=4 and
E

x*+2z’ =9with 1<y <5and z<0. Convert the given integral into cylindrical coordinates
and analyse it.

(10 marks)

- END OF QUESTIONS - |
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Formulae

Tangent Plane: z — zq = £, (x,, o) (x — %) + f;, (0, ¥0) (¥ — ¥0)

Local Extreme Value: G(x,y) = fox (x,¥) X f,,(x,9) = [fy (x, }’)]2

Case G(a,b) Result

1 G(a,b) >0 f(x,y) has a local maximum value at (a, b)
fx(a,b) <0

2 G(a,b) >0 f (x,y) has a local minimum value at (a, b)
fix(a,b) >0

3 G(a,b) <0 f(x,y)has a saddle point at (a, b)

4 G(a,b) =0 inconclusive

Polar coordinate: x = rcos 8,y = rsin 0, 6 = tan‘l(g) and

I, f.y)dA = [f, f(r,0)rdrdg

Cylindrical ~ coordinate:  x =rcos§, , y=rsin, z=z [ff, fiy2dV =
Il f(r,0,2)d dz dr d6

Spherical coordinate: x = psin¢ cos8, y = psingsin8, z = pcosf, x2 + y? + z2 = p2, 0 «
0 K2m, 0 < ¢ Lmand fff f(x,y,2)dV = [[[ f(p,d,0)p*sin¢ dpdpdd

For lamina

Mass, m = [[, 6(x,y) dA

Moment of mass: y-axis: M,, = || fR x6(x,y) dA  x-axis, My = || fR y&(x,y) dA

Center of mass, (%, ¥) = (.";_y"‘_"nrx)
Centroid for homogenous lamina: X = a—;—a I . XdA Ve arlea /] fR y dA

Moment inertia:
Y-axis: I, = [f, x?8(x,y) dA x-axis: I = [f, y*8(x,y) dA
Z-axis (or origin): I, = Iy = [f, (x* +y®) 6(x,y) dA = I, + k
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For solid

Mass, m = fffG 8§(x,y) dv
Moment of mass:

yz-plane: My, = [ ffa x6(x,y,2z) dV
xz-plane: My, = [ff. y 6(x,y,2z) dV
xy-plane: My, = [ff, z8(x,y,2) dv

MJ’7 sz Mx}’)

Center of gravity, (%, ¥,2) = e
Moment inertia:

L= gf(xz +2z%)8(x,y,2)dV
I = faf y?+2z%) 8(x,y,2)dV

ff (x2+vy2) 6(x,y,2)dV
G

Directional derivative: D, f(x,y) = ( fil + fy]) =7

apP

Let F(x,y,z) = Mi + Nj + PKk is vector field, then the divergence of F=V-F = ay =

The curl of

i i k

d 9 0 oP ON oP oM oN oM
R R B

dx ady 0z dy 0z Ox 0z dx dy

M N P

Let C is a smooth curve given by r(¢) = x(t)i + y(t)j + z(t)k, t is parameter, then
r'(t)
i’ ()i
; T'(t)
The unit normal vector: N(t) = el
The binormal vector: B(t) = T(t) X N(t)
T "]
The curvature: K = 5701 = Serom
The radius of curvature: p = 1/K

The unit tangent vector; T(t) =

Green Theorem: gﬁc M(x,y) dx + N(x,y) dy = | fR 3_’;’ M

dy
Gauss Theorem: [f F-n dS = [f[. V.F dV
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Stokes Theorem: §. F.dr = [[ (V xF)-nds

Arc length, If (t) = x(£)i + y(t)j, te[a, b], then the arc length
b b
2 2
s = f I’ (®)]l dt = f J(x’(t)) +(y'(®)" at
a a

Ifr(t) = x(O)i + y(t)j + z()K, te[a, b], then the arc length
b
6=z f J (@) +('®) +(z®)" dt
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